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Trimodal electroencephalogram during isoflurane 
anaesthesia

Lorenzo Dimpel

Abstract

The effects of common anaesthetic agents, such as isoflurane or propofol, on the electroencephalogram are well‑known. 
The most characteristic feature is the marked increase in delta power and alpha power resulting in a bimodal power 
spectrum from light to moderately deep anaesthesia. Here, a case is presented where the power spectrum became 
trimodal when anaesthesia was lightened towards wake up. The implications of a third mode for depth‑of‑anaesthesia 
monitoring are discussed. Its neuro‑physiology is unknown, as it has never been reported before.
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From consciousness to deep anaesthesia, there is always 
prominent activity in the delta (Δ; 0–4 Hz) range, even 
though during wakefulness, this is not visible from the 
raw trace.

With subanaesthetic concentrations, so‑called 
‘paradoxical activation’ is seen in the frontal lobes. 
This activation consists of a significant increase in 
power across most of the alpha (α; 8–13 Hz) and beta 
(β; 13–30 Hz) ranges, leading to a broad‑based second 
peak (more graphically described as broad hump) in the 
power spectrum. Thus, the power distribution in the 
power spectrum has become bimodal (i.e., two peaks, 
in the Δ and the α/β range).

With increasing anaesthetic concentration, a progressive 
reduction in band width of the second peak, as well 
as a shift to lower frequencies is seen. At loss of 
consciousness, the β‑power has almost returned to the 
awake level, whilst the second peak now lies mostly in 
the α range, with a maximal power around 12 Hz.[5] The 
α‑power is increased approximately 20‑fold compared 
to the awake state.[6]

INTRODUCTION
Effects of anaesthetic drugs on the electroencephalogram 
(EEG) were first described in 1931 and 1933 by Berger[1,2] 
and by Gibbs et al. in 1937.[3] Since then, innumerable 
reports have detailed the effects on the EEG of many 
anaesthetic drugs. Most of the currently used anaesthetics, 
such as propofol, isoflurane, thiopental and etomidate 
have similar EEG effects, despite their different molecular 
structures and diverse effects on a range of neuronal ion 
channels, and other subcellular structures. However, 
to some extent, they share one common mechanism, 
they are agonists on the Gamma‑aminobutyric acid 
Type A (GABAA) receptor. For this reason, they are often 
referred to as the ‘GABAergic’ agents.

The EEG effects of these agents have been investigated 
and reviewed[4] in detail:
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With further deepening of anaesthesia, prominent very 
low frequency Δ waves spread from the frontal lobe 
across the whole cortex, with a power approximately 
20  times that of the awake state.[7] At the same time, 
the α peak loses power and shifts down into the 
theta (Θ; 4–8 Hz) range, and may eventually disappear or 
melt into the Δ peak. Thus, the spectrum may eventually 
become mono‑modal again. This well‑established 
pattern has been labelled ‘frequency progression 
pattern’ (FPP).[7]

During clinical anaesthesia, anaesthesiologists usually 
aim at a rapid onset of deep anaesthesia by giving an 
intravenous bolus injection of anaesthetic agent. This 
will achieve high brain concentrations so rapidly, that the 
spectral changes cannot easily be appreciated. However, 
at discontinuation of anaesthesia, with gradually falling 
brain levels of anaesthetic agent, the above‑described 
FPP can be observed in reverse order.[8]

These normal, well‑known EEG features are illustrated in 
Figures 1 and 2, recorded during progressive lightening 
of isoflurane anaesthesia. In these screenshots both, the 
raw EEG trace and a spectral array are displayed. In the 
spectral array (top panel on the left), frequency is shown 
on the X‑axis and time (in minutes) on the Y‑axis, where 
zero denotes the current moment in time (‘time zero’) 
and 10 refers to the time 10 min ago  (or ‘ −10  min’). 
Power is shown in a colour scale. The spectral edge 
frequency (SEF; usually defined as the frequency below 
which 95% of the total EEG power lie) is shown as 
narrow black lines. In most of the spectral array shown 
in Figure 1, the second mode can barely be appreciated; 
however, during the last 2 min (bottom end of spectral 

array), the second mode becomes much more prominent 
due to lightening of anaesthesia. In Figure 2 ‑ taken 8 min 
after Figure 1 ‑ the bimodal power distribution is very 
obvious. From Figure 1 to Figure 2, Δ‑power is fading, 
while the second peak is gaining power, with its peak 
frequency shifting upwards in the spectrum.

CASE REPORT
Here, I am presenting a case which clearly deviated 
from the well‑established FPP as described above, 
demonstrating a trimodal EEG during lightening of 
isoflurane anaesthesia.

A 29‑year‑old, otherwise entirely healthy male patient 
was anaesthetised for a lumbar nerve root decompression, 
receiving fentanyl and propofol for induction of 
anaesthesia and isoflurane for maintenance. Anaesthesia 
and surgery were uneventful.

EEG was recorded throughout with the Draeger 
Infinity® EEG Pod and Infinity Delta monitor and 
displayed with the Draeger Infinity® Explorer software 
on a separate monitor  (Draeger Medical UK Ltd., 
Hemel Hempstead, UK). Electrodes were placed at 
approximately AF3 – Fpz (international 10–10 system), 
with a mastoid electrode as ground. Depth of anaesthesia 
was monitored using the raw EEG and its power 
spectrum, and kept at a deep, monomodal level during 
the operation.

Near completion of surgery, the administration of 
isoflurane was discontinued, but end‑expiratory 
concentration ‘clamped’ at a 0.4% by keeping the fresh 
gas flow to the circle system at a low level. Within 
minutes, the EEG became trimodal, with the second 
mode lying in the Θ range, whereas the third mode 
initially appeared in the α range, but within a few 
more minutes shifted into β range, indicating a falling 

Figure 1: Screenshot from anaesthetic monitor. The right side shows 
the traces typically monitored during anaesthesia; the second but 
last is the raw electroencephalogram. Top left is the spectral array, 
with frequency shown on the X‑axis, and time (the preceding 10 min 
being shown) on the Y‑axis. Time ‘zero’ is the current moment in time. 
Power is expressed in a colour scale. Bottom left shows the most 
up‑to‑date power spectrum (X‑axis frequency, Y‑axis power)

Figure 2: Screenshot from anaesthetic monitor. Taken 8 min after that 
of Figure 1. Monitor display settings identical to Figure 1
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effect site concentration  (at steady‑state end‑tidal 
concentration) of isoflurane.

As this finding was unexpected, a memory device 
to download images directly from the anaesthetic 
monitor was not at hand, hence photographs with a 
cell phone camera were taken, which is responsible 
for the inferior image quality in Figures 3 and 4. Of 
note, the bar graphs below the spectral array in these 
images refer to the time of the cursor (horizontal pale 
yellow line) in the spectral array, not the time zero. In 
Figure 3, the cursor lies at approximately − 3.25 min, at 
a time just before the EEG became trimodal, thus, the 
bar graph does not demonstrate the trimodal power 
distribution, which is clearly visible in the last 3 min 
in the spectral array. In Figure 4, the cursor lies near 
time zero; consequently, the bar graph also depicts the 
trimodal spectrum.

DISCUSSION
As a micro volt signal, the EEG is highly susceptible 
to artefacts  –  therefore, artefact always needs to be 
considered as the cause of an unexpected EEG trace. In 
this instance, inspection of the raw trace does not suggest 
artefact as the source of the unusual FPP. Further, the 
power spectrum shows that the second and third modes 
have a broad frequency base. Persistent mechanical or 
electric artefacts in the operating room, on the other 
hand, tend to have a narrow frequency band, or even a 
single frequency, such as that of an electric or pneumatic 
drill. Perhaps, the strongest argument against an artefact 
is that the SEF is steadily rising from approximately 
11 Hz to around 20 Hz over the 10 min shown in the 
density spectral array (little black lines; best appreciated 
in Figure 3), which is highly characteristic for anaesthetic 

agent wash‑out. An artefact would have thrown the SEF 
out of its course. In fact, a small and short‑lasting artefact 
can be seen to deviate the SEF at about −9 min.

I am therefore confident that this trace represents true 
EEG. To my knowledge, this is the first report of a 
trimodal EEG in the context of light anaesthesia.

The neuro‑physiological processes causing this trimodal 
power spectrum are unknown at this time.

The second mode in a typical, bimodal EEG consists 
of relatively high power and highly coherent α waves, 
believed to be generated by oscillation within the 
cortico‑thalamic and thalamo‑cortical pathways.[9] In the 
case described here, it is the third mode that corresponds 
to the usual second mode in a typical EEG, according 
to its position in the power spectrum at the given level 
of anaesthesia. The second i.e.  additional mode has a 
frequency half that of the third, as can be seen from 
Figure  4. This might tempt to speculate, whether the 
second mode is the sub‑harmonic of the third, arising 
from one and the same system. Sub‑harmonics arising 
in the frontal lobe have been described, albeit in a 
completely different context i.e., in awake subjects during 
photic stimulation frequency locked to their own alpha 
rhythm.[10] Given the proposed mechanism underlying 
the anaesthesia‑induced α waves,[9] it seems unlikely that 
this is the origin of the second mode here.

Alternatively, a separate ‘pacemaker’ or oscillating loop 
could be postulated.

Propofol and fentanyl, the other two centrally acting 
drugs which the patient had received, can be excluded as 
the cause of the unusual EEG: Opiates, as an adjunct to 
propofol or isoflurane anaesthesia, have limited effects on 
the FPP and are not known to cause trimodal patterns.[11] 
Propofol causes an EEG pattern almost identical to that 

Figure  3: Photograph of anaesthetic monitor. Monitor display 
settings are as in Figure 1. The off‑white line across the spectral array 
represents the trend curser, which is set at approximately 3.25 min 
before time zero – the bar graph power spectrum below relates to the 
time of the curser

Figure  4: Photograph of anaesthetic monitor. Image taken 
approximately 30 s after the image in Figure 3; settings as in Figure 3, 
except for the curser which lies at approximately 20 s before time 
zero
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of isoflurane,[4] and its brain level towards the end of the 
operation would have been negligible.

What are the clinical implications of this unusual 
EEG pattern? First of all, as the patient was entirely 
healthy and free from neurological disorders  (other 
than compression of a lumbar nerve root), it should be 
recognised as a variant, rather than a sign of pathology, 
similar to well‑known variants in the awake EEG. The 
anaesthetist monitoring raw EEG, the linear power 
spectrum, or both, must recognise it as a pattern 
indicating light anaesthesia.

The implications for ‘depth of anaesthesia’ monitoring 
with automated devices are potentially serious. These 
monitors are not based on underlying neuro‑physiological 
mechanisms of consciousness or anaesthesia. The most 
widely used, EEG based monitor, the BISTM (Bispectral 
Index monitor, Medtronic, Minneapolis, Minnesota), 
classifies the EEG in numbers between 0 and 100, where 
100 indicates full consciousness and alertness, whereas 
0 correlates to a flat line EEG. When last publicised,[4] 
the classification algorithms were based on the ratios 
of power, and bispectral power, in empirically chosen 
frequency bands (and quantification of burst suppression 
when present). The here reported additional mode 
substantially increases power in a relatively low frequency 
band, included in the power ratios (when last publicised) 
used by the BIS, thus changing the value of those ratios. 
It is thus likely that the BIS would mis‑classify the here 
reported trimodal EEG as relatively deep anaesthesia, 
even though it occurred at a relatively light state. 
However, the algorithms of the BIS have been modified 
in recent years and are now kept as a commercial secret. 
Thus, the exact response of the BIS is unknown.

A comparable monitor, the Narcotrend®, developed 
by B. and A. Schulze, more widely used in Germany 
and some neighbouring countries, reportedly relies on 
pattern recognition,[12] but its algorithms have never been 
revealed. This monitor, too, might mistakenly classify 
this novel EEG pattern as deep anaesthesia, due to the 
unusual high power in the Θ range.

In summary, the here reported variant trimodal pattern 
might lead to erroneous outputs of automated ‘depth of 

anaesthesia’ monitors, with serious consequences. This 
underscores the fact that a good working knowledge 
of the raw EEG is essential for the safe use of such 
monitors.
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